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educate an engineering professional who is far more sophisticated than the engineer of the 20
th 
century.  Additionally, challenges brought on by the overuse of natural resources put a special 
responsibility on materials science and engineering (MSE) faculty, whose role it is to assist in 
shaping the MSE profession.  How can faculty deliver relevant curricula for the MSE 
engineering professional in an already crowded curriculum? Certainly curricular content must be 
up­to­date.  However, a number of the goals can be met through changing the way in which the 
curriculum is delivered.  In particular, we have emphasized mastery at the lower levels to 
increase retention, and implemented a number of learning “best practices”.  Our preliminary 
results are promising: within one year, we were able to reverse a five­year trend in declining 
enrollment; we have just finished our fourth consecutive year of 100% on­time completions of 
senior projects; students exhibit a shift in mindset towards a greater awareness of their 
professional responsibility to serve humanity.  In this paper, we will provide a survey of the 














, which largely run the global economic machine.  Many of our problems 




 century must be able to see the 
interconnectedness of society, technology and ecosystems.  They must be aware of a set of 
design constraints that extends beyond the economic and technical aspects of an engineered 





.  These engineers, working together across the disciplines, will 
hopefully bring about a sustainable world economy. 
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According to the World Health Organization’s Millenium Ecosystem Assessment, roughly 60% 
of the earth’s ecosystems are being used faster than they can be replenished
5
 [5].  Materials 
engineers could play a critical role in developing more sustainable materials and material 
processes.  However, to do so, these engineers must not only possess the abilities to 
communicate well and to work on teams, but they should be able to apply systems thinking, 
operate in the global business environment, and design within a greater set of constraints.  At Cal 
Poly, we have implemented the first two years of a 4­year phase­in of a new materials 
engineering curriculum; it aims to build the core competencies of the materials engineer through 
utilization of educational best­practices, presentation of systems viewpoints and emphasis on 
design.  In this paper, we discuss the attributes of our curriculum design and provide some data 
on its effectiveness to date. 
OVERVIEW OF CURRICULUM 





1 2 3 4 remainder in materials engineering 
~35% engineering ~40% major (MATE) courses.  The proportion of 
support MATE courses increases in the junior 
and senior years.  The general layout 
and proportions are similar to many 
~25%, general MSE programs.  However, to 
education counterbalance high rates of attrition 
Figure 1. Distribution of courses within the within the first two years, we have 
materials engineering curriculum.  replaced a freshman “seminar” with a 
year­long design course.  This course 
plays the critical role of keeping students engaged in engineering while giving them experiences 
that have been shown to promote retention (see discussion below under “Utilization of Best 
Practices”).  
Each year of the curriculum has themes that we plan to emphasize.  These are shown in Figure 2.  
In the first two years, we emphasize engineering basics and systems thinking.  Two courses in 
the sophomore year have been added to promote these themes and two existing laboratories were 
adjusted.  The two sophomore­level courses are Materials Selection for the Life Cycle, and 








year is dedicated to building professional depth and breadth along with a guided year­long 
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Figure 3. Eight “best practices” in our approach 
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effective engineer.  By providing early exposure to transfer and examples of other contexts in 
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Bjorklund
26
) who have found that interactive­learning classroom techniques promote deeper 





















and encourage each other toward their goals.  The freshman year design experience aims to 
build learning communities within the class cohort. 
5.	 Reflection and Self­Assessment of Learning:  Reflection is one of the essential components 
29,30 





6.	 Systems Thinking:  Systems 
Earth is a Closed thinking emphasizes seeing the 
whole and establishing a framework  No matter 


















have been utilizing is an emphasis on  Energy can enter and exit, but no matter can enter 
graphical depictions of events and 
36,37 
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However, we have found that simple depictions of systems can have profound shifts in 
students’ thinking.  Early in the Fall 2003 offering of MATE110, the students were given 
predictive data on global warming that indicates the potentially disastrous climate changes 
that could await us in about 100 years  When asked to brainstorm ways in which they could 
prevent the disaster as an engineer, students’ first responses were comments like, “What does 
it matter? I’ll be dead by then,” and “You can’t tell people how to live.”  However, after 
being presented with some simple systems ideas (i.e., Earth is a closed system, vehicles are 
open systems), the same group of students saw the connection and were able to come up with 
a number of ways in which engineers could make a difference. 



















faculty participate in the teams as coaches, rather than as the ones with the answers, which is 
an important element of a successful service learning experience. 
PRELIMINARY RESULTS 
As stated earlier, we are in the second year of our 4­year curricular phase­in.  At the time of this 
writing, we have had two cohorts of 35­45 students in the freshman year design lab.  We are 
currently teaching the Material Selection for the Life Cycle, and the adjusted sophomore­level 
labs.  In testing the performance of the first cohort, our findings on shifts in students’ 
understanding (published elsewhere in detail) were encouraging.  Their understanding, testing at 
the beginning and end of the freshman lab sequence, shifted from a lack of awareness to: 1) 
recognizing that the foundation of the engineering profession is to improve the welfare of 
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drinking quality standards.  Students serving the wealthy clients had a negative motivation to 





show that we have successfully begun to build strong connections with their peers, helped them 
see the value of their “engineering support” courses, given them hands­on experience with 
engineering and design, and enabled them to pick up useful skills.  Roughly three fourths of the 
students indicated that the course gave them more confidence in their potential engineering 
abilities.  However, at this point, we are less successful at motivating them to study in their other 
courses.   
Table 1. Summary of some of the survey results for the second cohort in the freshman design sequence. 
39/43 said that taking the class has helped them develop strong connections with peers 
(note, one 7­member group had a bad experience) 
36/43 said that this class helped them see the value of other courses 
20/43 said that this class motivated them to study more in their other courses, 23/43 said it did not. 
42/43 said that taking the class give them hands­on experience with engineering (1 abstained) 
30/43 said that the course has given them more confidence in their potential engineering abilities (please note 
that 1 strongly disagreed, 11 disagreed and that many came into the course with a high level of confidence that they 
engineering was right for them). 
38/43 said that they picked up useful skills in the course 
43/43 said that the course gave them more experience with the design process 
The data paints an encouraging picture: we are achieving in part, some of our goals.  However, 
the real evidence is through the retention figures.  Like other engineering programs, ours 
experiences an attrition rate from the freshman to the junior year of 50­65%.  The first two years 
are critical and most of the individuals who drop do so by the second quarter of their sophomore 












frankly, this has been a bit of a rocky transition, requiring us to seek the assistance of one 
organizational psychologist and a behavioral psychologist.  This summer, we will undertake the 
most significant of the changes, the junior course series (“year 3”).  We expect to need the 
assistance of the psychologists throughout the teaming process, as functioning on a team is not 
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natural for faculty.  We are all aware of the irony that we expect it from our students but are 
having great difficulty ourselves. 
The transition from to the role of “coaches” from “sages,” challenges each of us uniquely.  The 
unfolding challenges are likely to be the most challenging aspect of our new curriculum. 
SUMMARY 
While maintaining a broad curriculum on materials engineering, we have been able to shift the 
educational approaches and some of the content to promote the development of the engineering 
professional.  These shifts have also resulted in a number of measurable benefits, including 
greater retention of underrepresented individuals, and shifts in thinking toward greater awareness 
of global issues.  Although our approach to teaching and learning has changed in small ways, it 
is powerful in both changing students’ attitudes and in engaging them in their own learning. 
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